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I. INTRODUCTION
The fruit industry is continually faced with the
problem of disposing profitably of its low grade fruit.
These fruits commonly called "culls" consist of over-
sized, undersized, malformed and blemished but otherwise
sound fruits, which are not readily marketable. Numerous
products have been developed in the past which have served,
in part, as an outlet for the producers' sub-standard fruits.
Large amounts of these fruits, for example, are utilized
every year in the manufacture of vinegar and fruit juices,
in the preparation of jams, jellies, preserves, and low-
grade canned fruits.
In spite of all these products, there still remains
a large surplus which is not utilized. It is estimated
that the average annual production of waste apples in the
United States is 500,000 tons (17). Cull apples are, at
present, employed in the preparation of such products as
sweet cider, vinegar, applesauce, canned apples, and apple
butter. In addition, the utilization of part of the crop
for the manufacture of concentrated juice and fruit syrup
might serve as a new outlet for apple oulls. The term
"fruit syrups" as used in this thesis refers to fruit juices
which have been partially neutralized and then concentrated
by the removal of water, either by freezing, or by the
application of heat.
2Fruit syrups and concentrates are commercially
utilized by the soda fountain and beverage trades. The
progressive education of the consumer on the health value
of fruits and fruit products has led him to demand that
pure fruit juices and syrups be U8ed in the coMoosition
of non-alcoholio drinks, as a result of this fact,
statisticians show that there has been an increase in
value of exports of fruit juices anu fruit syrups from
$519,982 in 1923 to $1,763,121 in 1929 (12). Also
approximately eleven billion bottles of carbonated
beverages were consumed in the United States in 1930, and
the industry is still growing rapidly. If one-fourth of
the carbonated beverages, which contain synthetic syrups
as a base, could be supplanted by pure fruit syrups, it
would provide a profitable means of disposing of a large
part of the cull fruits which are produced every year.
The major part of the experimentation on fruit con-
centrates and syrups has been limited to an application
to the beverage and soda fountain industry. Charley (9)
states that the Scandinavian countries consume large
amounts of apple syrup in the form of jellies; as a sauce
for pudaing; as a '•sweet soup" for children, and as a
health food, by cooking cereal, such as barley, sago, rice
with water and mixing with the syrup. Ice cream may be
flavored either by the addition of syrup to the mix before
3freezing, or merely by pouring the syrup over the frozen
mix.
The desirability of manufacturing t.ible syrup from
fruits, particularly apples, has received scant attention
in the past. It is proposed, therefore, in this invest-
igation to etuay the aspects of this field as a part of
the work.
4II. REVIEW OF LITERATURE AND THEORETICAL DISCUSSION
A. Methods Used in Concentrating Juices
Apple juice and vinegar were the two products that
the fruit producer relied upon to dispose of his surplus
cull apples. However, the perishability of cider, result-
ing in its sale only over a limited periou, and its bulkiness
which precludes economical distribution, prevented its
sale at a profit. Gore (13) studied the problera of reducing
the bulk of the cider and changing it to a stage where it
would keep for a lengthy period. He observed that, "when
a barrel of cider was allowed to freeze under natural
conditions, the ice formed in a fairly solid mass around
the outer 6ia.es of the barrel, leaving a core of non-
frozen cider, which contained a fer less proportion of
water. " An analysis of the unfrozen cider showed that
the amounts of acid and sugar were large enough to act
as a preservative.
The principle of this natural phenomena was reproduced
in the laboratory by Core (13) (15). The fruit juice was
placed in ice cans and frozen to a solid cake, then broken
up and placed in a centrifuge basket. The whirling of
the centrifuge forced the syrun through the nerforations of
the basket and separated it from the ice crystals. By two
Eor three successive freezings and centrifugings, the juice
was concentrated to a ratio of 5 to 1. Concentrated juice
made by this process was found to keep for a long time
when stored at or below 33° F. and also retain its natural
flavor and aroma.
Monti (21) in Italy also studied the freezing parocess
of concentrating fruit juices. The Monti process was
continuous and did not require a centrifuge. The fruit
juice was transformed into a slush stage, yielding small
ice crystals and concentrated fruit juice. The method
is used commercially in Italy in the preparation of
grape syrup.
Seidel (39) developed a method of concentrating juice
which proved quite successful. The juice was placed in a
vessel with insulated walls, and frozen. The liquid which
remained unfrozen drained through a screen into a container,
and was returned to the vessel. A continuous process was
developed in this way, which could be stopped as soon as
desired concentration was obtained.
Irish (15) and his co-workers, developed a process
which entailed partial freezing of the juice in non-
corrodible cans, each fitted at the bottom with an air
agitating device. Ice formed on the cans, leaving at the
bottom the liquid syrup, which was siphoned off. A con-
centration of 42° Balling was obtained by one freezing of
the juice that was originally 17° Balling.
6Concentration by freezing involves no chemical change,
aue to the action of heat, and volatile aromatic constituents
are not lost by being carried off with water vapor. However,
the ; rocess of slow freezing and the separation of the
syrup froia the ice crystals by means of a centrifuge,
results in a loss of some of the product and is more expensive
than concentration under a vacuum.
k method of concentrating juices that has been used
quite extensively is by heat at atmosDheric pressure.
This methoa has not been satisfactory because in most fruit
juices the delicate flavor and color are easily injured by
heat, so that the finished product usually has a "cooked"
taste and a darkened color.
urove (16) was able to obtain a satisfactory oroduot
by combining the freezing and vacuum pan evaporating methods.
The syrup was better in general appearance and taste, than
that resulting from evaporation alone.
In order to eliminate the use of high temperatures
which were necessary in the open Kettle method, another
method was proposed, the Waterhouse process (3). This
process consisted essentially of evaporating the juice
on a strip of cloth exposed to the sun and dry air. The
resulting syrup was dark oolored and had a "cooked" taste.
This indicated that the action of oxygen was as harmful as
that of high temperatures.
7The usual method of concentration is uy the use of
the vacuum pan. Under a vacuum, liquids boil at a lower
temperature than in the open, and the moisture is removed
with very little injury to the juice. The commercial
apparatus employing this principle is called a "vacuum pan. H
In 1813, Howard (28) introduced the vacuum pan for the
concentration of beet sugar juice. \Sith this equipment,
the yield and quality of the product was greatly improved
by lowering the temperH*ure of boiling.
Concentrating the juice by means of the vacuum pan
results in the loss of some of the volatile flavoring
materials, rowers and Chesnut (35) have discovered that
the principal odorous constituents of apple juice are the
aoyl esters of formic, acetic, and caproic acid, respectively,
together with furfural and acetaldehyde. Foore (24)
showed that practically all of the characteristic volatile
flavor of the juice caae over In the first 9 per cent of
the distillate. In order to collect these volatile esters
and return them to the concentrate , the Pfaudler Company ( 30)
designed a fruit juice concentrator having an ester impreg-
nating unit. Experiments were carried out by Carpenter and
Smith (7) on the preparation of an apple concentrate using
the Pfaudler apparatus. The results of their work was so
successful that it was extremely difficult to dlstingulrh
by organoleptic tests between the original juice and diluted
ooncentrate.
BMackie (20) concentrated orange Juice by vacuum evap-
oration. The method employed was virtually a fractional
distillation, in which a first fraction was saved, the
second fraction, consisting chiefly of water was discarded,
and the residuum, the concentrated Juice minus the water,
remained. The first fraction and the residuum were
mixed and oomposed the final product.
A German chemist, Heinard Oehme (23) devised a method
of removing the esters before the juices were heated. To
accomplish this, he took advantage of the fact that these
esters will mix with chloroform, while water will not.
The fresh Juice was shaken vigorously with the chemical in
a suitable vessel. The chloroform was then drawn off and
on evaporation at a low temperature, in a vacuum, it left
behind the substances dissolved from the juice. The
juice was then boiled down, as usual, and when it attained
the desired concentration, the residue from the chloroform
solution was added. The resulting fruit syrup was
superior to that produced by the old method.
B. Methods Used in Clarifying Juices
The manufacturer of fruit products has come to realize
that the saleability of his products depends, to a large
extent, on the appearance. It has been his aim to produce
a fruit juice, syrup or carbonated beverage, sparkling
clear, devoid of sediment, and having all of its fruity
flavor.
9The general aim in clarification methods is to produce
a product which shall be easily filterable through an
ordinary filter, and give a clear juice.
One of the first methods of clarification of juices
was by nest treatment. J^ost of the colloidal materials were
precipitated and filtration was speeded up. The difficulty
with this method was the possibility of introducing a
"cooked" flavor.
In an attempt to utilize heat as a means of clarification,
and still eliminate the possibility of a "cooked" taste,
the flash-heating nrocess was introduced. The general
principle involved in the process was a rapid heating of
the juice (30 seconds) at 180° F., and then cooling immediately
to about 50° F. In this manner, the juice was heated
sufficiently to coagulate the colloids and at the same time
there was no change in the aroma, or flavoring materials.
Another method of clarification which has been used
for many years is the gelatin-tannin process. It is a
well known fact that colloidal substances may carry electric
charges and that in many cases the colloid is precipitated
when the electrical charge is reduced to zero. Experimentation
has shown that gelatin nrecipitates the colloids of fruit
juices. Rudiger and Uayr (27) state that this precipitation
action is the result of mutual neutralization of the negatively
charge colloids of the juice by the positively charged gelatin?
10
As the precipitate forms ana settles, it carries down with
it most of the finely suspended ^articles which make the
juices cloudy.
Many "fining - agents have been employed as a means of
clarifying fruit juices. Luhmann (19), one of the pioneer
workers in clarification, has used skim-milk, alum, albumen,
gelatin, and isinglass, with varying degrees of success.
Many of these treatments, however, result in a loss of color
and, in some, the agent imparts a slight flavor to the
juice.
Previous to 1913, clarification by enzymes had been
considered as too difficult in application and uncertain
in effect for commercial usage, but in that year, the
Wallers teln process (32) was introduced for preventing the
appearance of haze in bottled beer. It was supposed that
the haze was due to the formation of a colloidal protein-
tannin complex. The addition of a proteolytic enzyme
prevents the deposition of the precipitate by rendering
the protein soluble.
Wakaman and Davison (31) stated that proteases had
been advocated for the removal of suspended protein matter
from fruit juices.
Enzyme preparations of high amylolytic and proteolytic
capacity have been suggested for the removal of starch and
protein from fruit juices.
11
Jakicki Takamine (11) prepared from molds and other
micro-organisms, solutions of enzymes which were used for
the clarification of fruit juices. The solution, introduced
in 1913, is known under the trade name of MTaka diastase"
and 'Tolyzyme.
" The oroduct had diastatic, proteolytic,
milk coagulating, and fat splitting properties. Polyzyme
is 3 to 5 times stronger than ordinary malt extract in
its nmylolytic power.
Caldwell (4) studied the application of enzymes to
fruit juioes. He states, "because the number and diverse
character of the constituents which it is desirable to
remove, as well as the character of those which must be
preserved, it appears inherently impossible that enzymes
could be successfully employed in the clarification of
apple or grape juice, or that, even if such a process
coulu be developed, it could be made of such a character
as to be generally unable.*
Enzyme action has been applied to the clarification
of fruit juices since 1913 with very little success.
Warcollier (33) found that the removal of pectin by peotose,
the enzyme oresent in apples, aided considerably in
clarifying the cider. He stated that the process of "keeving"
or fermenting, hastened the coagulation of the pectin.
Kertesz (18) in 1930 and Willaman and Kertesz (34) in
1931 published details of a new enzyme for decomposing
12
Borne pectin and orecioitating others. The protective
action of the pectin was immediately delayed and the
compounds which had been held in suspension were
precipitated. The enzyme was prepared, by growing the
mold, Penicillium glaucum, on a medium consisting of a
physiological salt solution together with sucrose and
pectin. The optimum temperature and acidity for the enzyme
was founu to be 104° T. for 30 minutes, and pH 3.0-3.5.
The action of the enzyme appeared to be specific for
pectin as no change in the starch content was observea.
The use of the enzyme is quite simple. The solid or
liquid form is mixed with the juice to be clarified, and
the mixture allowed to stand for a given period. The time
taken is inversely proportional to the amount of enzyme
used, so that it is possible to regulate the duration of
the treatment by the addition of more or less enzyme.
Kertesz states that Juices to which enzymes have been added,
and which have been standing at room temperature for 10
to 15 hours, will produce a Juice that can easily be
filtered. The enzyme is oroduced on a commercial scale
under the name of "Pectinol.
The production of a clear, sparkling Juice is brought
about by filtering the enzyme-treated Juice with diatomaceous
earth. Cumming (10) stated the following facts about
diatomaceous earth, which is essentually , amorphous,
hydrated silica, iiiineralogically classed as opal.
13
"The fundamental basis of diatom s in Industry is
its Physical structure
- the great diversity and intricate
shapes of the tiny microscopic forms - rather than their
chemical composition. It is thie structure which gives it
its unusual high porosity, its great absorptive capaoity,
and its extremely low thermal conductivity."
The fruit Juice must finally be sterilised to insure
its Keeping qualities in storage. Carpenter, I ederson and
»alsh (6) sterilized fruit Juices by filtration with the
Seitz £. K. germ-proof filter. It was shown that the
removal of bacteria, yeasts and molds, by the sterilizing
film of the Seitz E. K. filter, could not be accounted for
by a simple sieve action. The probable explanation was
the nature of adsorption of the film and juice.
The appearance of slight deposits in the Seitz filtered
juice after several months storage, indicated that some of
the pectin destroying enzyme was still present in the juice.
This can be eliminated by subjecting the juice to a temperature
of 130°-140° F. at which point the enzymes are inactivated.
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III. EXPERIMENTAL WORK
The fruits that were in 6eason at the time of this
investigation, namely, apples, grapes, and cranberries, were
studied.. The list of fruits could easily be extended to
incluae currants, quince, strawberries, cherries, pears,
raspberries, peaches, and blackberries.
A. Apple Syrup
1. Extraction of Juice
The cull apples were of a mixed variety including
Mcintosh, Baldwin, Northern Spy, Ben Davis, King David, and
Golden Delicious.
The fruit was milled in a power grater mill. The
pulp was collected and made into "cheeses" by means of the
cloth and rack (14). Treasure for the extraction of the
juice was applied by a hyaraulic purap. The average yield
of apple juice was 3^ to 4 gallons per bushel of apples.
2. Clarification
The freshly expressed juice was extremely cloudy
since it contained colloidal protein, carbohydrate, and
pectinous material. The clarification of the juice by
means of the Peotinol-ensyme orocess proved very satis-
factory.
Plate I. Apple Juice
Jar on the left was clarified by the Pectinol-
enzyrae process. Jar on the ri^ht wag untreated.
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The enzyme oreparation was added directly to the
freshly expressed juice at the rste of 20 to 30 ounces
per 100 gallons. The breaking down and sedimentation of
the colloidal substance required about 15 hours.
The clear juice was then siphoned from the containers,
and diatomaceous earth was added at the rate of 2 to 4
pounds per 100 gallons. This was then filtered through
an Alsop filter, using an asbestos paoar pulp clarifying
disc. The resulting juice was sparkling clear.
The principal of the diatomaceous earth is to build
up a cake on a supporting medium such as the clarifying
disc, through which the fruit juice is forced under pressure.
As the juice masses through the >x>rous filter cake, the
disintegrated colloidal matter and sediment are collected,
while the clear juice passes through.
3. Neutralization
The neutralization of apple juice is a very important
step in the preparation of apple syrup, since the subsequent
concentration of the juice renders the final nroduct ex-
tremely acid. The acidity of the juice was neutralized by
using potassium and calcium carbonates.
The calculated amount of caccbonate was added to the
juice at the time of clarification. Potassium carbonate
was added in sufficient quantity to decrease the acidity to
16
pll 5.1. In the case of calcium carbonate the following
method was followed. Allowing that one pound of calcium
carbonate will neutralize 1.34 pounds of malic acid, the
total acidity of the juice was first determined. The
required amount of the salt was then added to the juice
neutralizing it to the desired degree.
The addition of the calcium carbonate in excess of
the amount determined, resulted in a darkening of the
juice and in the development of a rather objectionable
flavor. It was founa that changing the pB of the juice
from the original pH 3.34 to a pH 5.5 produced a change
in color from the natural orange-brown of the juice to
a red-brown.
The reaction in which juices take on a dark color
when their pH is vnried may be explained as due to the
oxidation of certain tannin compounds in the juice. The
presence of dissolved iron in the juice, reacting with
tannin, renders it particularly susceptible to the trouble.
During this experiment no iron wns found in the juice,
so that darkening of the color could not be attributed
to that cause.
Varying amounts of potassium carbonate were added to
a series of bottles of juice, to determine the pH at which
the juice loses its natural color. The results in Table I
indicate that apple juice should not be raised above pH 51
when potassium carbonate is used.
17
Table I. Effect of Neutralization of Apple Juice With
I otaBsium Carbonate on the Color of the Juice
Potassium
Juice Carbonate pH Color
c.c. c.c.
350 0.5 3.62 Orange-brown
350 0.75 3.94 P
350 1.0 4.37
350 1.5 5.06 "
350 3.0 5.17
350 2.5 5.25 Darker orange-
brown
350 3.0 5.42 Brown
350 3.5 5.73 Red-brown
350 4.0 6.18 Black-brown
18
4. Concentration
The clarified apple juice was concentrated to a syrupy
consistency by the open kettle method and by the vacuum
distillation method.
In the open method a steam jacketed kettle was used
to concentrate the juice. Boiling at atmos' heric pressure,
and consequent high temperature, produced a concentrate
which had a "cooked" flavor and a darkened color.
The difficulties encountered in the concentration of
juice at atmospheric pressure was avoided to a large
extent by concentrating in vacuo.
A Bmall vacuum pan of the discontinuous type was used
in the experiment. The operation of the pan was as follows.
All inlets and outlets were closed, and the vacuum
pump was 6tarted. When the vacuum reached 20 inches, the
juice was drawn into the pan. When a vacuum of 28 inches
was reached, the vacuiun pan was heated until the initial
frothing subsided. The steam pressure and vacuum pump
were then adjusted to operate steadily so that vacuum
of 28 inohes or over was maintained. The boiling temperature
of the juice at this vacuum was 105°-120<> F. The juice
wae boiled for one and a half hours to a total solids
concentration of 67 per cent at which point the vacuum
was broken, and the syrup removed from the pan.
19
The difficulty first encountered with concentration
In vacuo was the Jelling of the syrup at a concentration
of approximately 55 per cent or more total solids. How-
ever, after oractlcally all of the pectin had been removed,
by the lectinol-snzyme urocess, before concentrating, the
product remained syrupy even at a concentration of 68 per
cent total solids.
Arengo - Jones and Ferguson (1) found that apple syrup
was prevented from jelling by a "keeving" process. The
term "keeving" ie applied to the coagulation of part of the
colloidal pectin by the action of enzymes present in the
juice. The process is very much more ranid and effective
during the early part of the season due to the use of
immature fruit.
5. Removal of A stringency In Apple Syrup
For Table Use
Apple Juice which had been concentrated to a syrupy
consistency exhibited definite astringency when the syrup
was tested organolentically. Caldwell (5). in his
studies
on the astringency of apples, called astringency a
com-
bination of tannin, plus astringent non-tannin. The
astringent taste which we recognize on consuming a fruit
is maae up of the total sugar plus astringency and
total
acid. The amount of tannin varies markedly among
apple
varieties, the range being 7.4 to 955 microrailligrams
per
20
100 c.c. of juice. An arbitrary standard of 125 micro-
milligrams per 100 c.c of juice which is the astringent
value of the average eating apple was established, and
all apples with amounts greater that this standard were
termed astringent.
Apple syrup utilized as a table syrup, should be
mild and as much of the astringency eliminated as is
possible. The method usea in removing tannin or astringent
substances from the juice, in this experiment, wa s by
the addition of gelatin. Besides removing the tannin
present, gelatin also acts as a clarifying agent. .;hen
gelatin is adaed to apple juice, it forms a flocculent
precipitate, as a result of the combination of gelatin
with the tannin and pectin in the juice. Due to the faot
that the amount of tannin present in every variety of
apple juice differs, no general formula can be established
in regard to the correct amount of gelatin required. It
is necessary, therefore, to test the juice by using a
standard gelatin solution, as prepared by Carpenter and
Walsh (8).
The apDle juice was tested with the test solution
and the correct amount of gelatin was determined. The
gelatin was then dissolved and added to the juice. After
16 hours the juice was 6iphonea from the containers and
filtered. The resulting product was clear and lacked
astringency.
21
Apple juice was also concentrated by freezing for
the purpose of determining the quality of the resulting
syrup as compared with the syrup prepared by the vacuum
pan. In respect to color, flavor, and aroma, the former
product was much more like the natural juice, than that
produced by the latter method. Concentration by freez-
ing allows the flavoring constituents of the juice to
remain uninjured and wholly present. Although the
juice is neutralized to its optimum pH, the color is
not darkened further, as might be ini the vacuum pan
concentration. The disadvantage of concentration by
freezing is that a number of freezings must be made
before a syrupy consistency may be obtained.
6. Physical and Chemical Properties of
Apple Juice and Apple Syrup
a. Methods Used
The color, flavor, and astringency of the juice
and syrup were tested organoleptically. Alcohol
precipitate, and titratable acidity were determined by
following the methods given in the Offioial and Tentative
Methods of Analysis of the A.O.A.O. (2). Total soluble
solids were determined by means of an Abbe refTactometer.
22
Viscosity determinations were made by a method used
to test viscosity of ice cream mixes. The recorded
number was the time in seconds required to drain a 25
cubic centimeter pipette, the mouth of which was enlarged
by filing off the tip.
The pH value of the juice was determined by the
quinhydrone potentiometer method. The results of these
tests are recorded in Table II.
b. Desirable Degree of Concentration
The degree to whioh apple juice should be concentrated
to obtain a favorable table syrup is 68 per cent total
soluble solids. An examination of a syrup with a total
solids content below 60 per cent showed mold growth within
one month, and the syrup had a very watery consistency.
The concentrates which were not treated with Pectinol became
very guuany at a total solids concentration of 68 per cent.
The best concentration for the untreated syrup was 55
per cent total 6olids.
23
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c. Discussion of Apple Syrup
The introduction of apple syrup for table use in
place of maple syrup may be a satisfactory change for
the consumer. Samples of apple syrup were distributed
to several individuals. The consensus of opinion was
that the syrup was quite a novelty due to its particular
flavor ;.nu slight acidity.
The success of the product lies in careful clarification,
neutralization, and concentration. Clarification is satis-
factorily performed by the use of the Pectinol-enzyme
process. In neutralization it is important that the pH
of the juice should not exceed 5.1 or the color will be
impaired, by concentration in the vacuum pan, it is
necessary that a high vacuum be obtained, in order that
the boiling temperature be kept at a minimum, thus
eliminating the possibility of injuring the flavoring
constituents of the juice.
35
B. Grape Syrup
1. Extraction of Juice
Concord grapes were used in the experiment. They
were picked from the college vineyards and kept in storage
for tnree to four months before being used.
The fruit «as stemmed, washed, and placed into a steam
jacketed nettle, 'cater was added at the rate of one cup
to five pounds of fruit and heated (140 to 150° F.) to
facilitate pressing, and extraotion of color from the skins.
The hot, crushed grapes were then poured into a heavy
press cloth and placed in a "barrel" press. The juice was
expressed by applying pressure with a lever and screw.
The yield of juice vas four gallons per bushel of fruit.
The grape juice was then strained, poured into gallon
jugs, and pasteurized for 30 minutes at 170° F. The juice
was stored in a cold room to allow the separation of cream
of tartar.
2. Clarification
The juioe remained in storage for six weeks, after
which period the clear portion was drawn off. A calculated
amount of lectinol was added to the juioe, and allowed to
stand at roon temperature for fourteen hours. The clear
juice we.8 siphoned off, dtstomaceous eirth added, and the
26
juice filtered through an Alsop filter.
3. Neutralization
The juice from ripe grapes contains approximately
.33 per cent titratable acid calculated as tartaric acid.
The juice was deacidified with calcium carbonate from
pH 3.6 to pH 5.1. An excess of the carbonate does no
harm as both the calcium carbonate added and the calcium
tartrate formed are insoluble and can be removed. However,
the pigment of the juice changes from a natural red-
purple to a uistinct blue as indicated in Table III. This
occurs when 20 grams of calcium carbonate are added to
300 cubic centimeters of juice raising the pH above 5.1.
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Table III. Kffect of Neutralization of Grape Juice with
Calcium Carbonate on the Color of the Juice
Caloium
Juice Carbonnte pH Color
c . c . grams
300 Control 3.6 Red-purple
300 5 3.S Red-purple
300 10 4.1 Red-purple
300 15 4.6 Red-purple
300 30 5.1 Blue-purple
300 25 5.7 i31ue
300 30 - Intense blue
28
4. Concentration
Concentrating the juice in an open vessel required
a comparatively long high temperature which destroyed
much of the grape flavor, and impartea to the product a
"cooked" taste and a dark color. The resulting syrup
became crystalline upon standing.
The usual method of concentrating grape juice is
in vacuo. This method makes it nossible to concentrate
the juice at a lower temperature than boiling in an
open vessel, and removes most of the air in contact with
the juice during the process.
The vacuum pan was operated with a vacuum of 28 to
38 inches. Concentration required one and a half hours
at which point the juice obtained a total solids con-
centration of 63 oer cent. The vacuum was then broken
and the syrup removed, j.s the syrup comes from the pan
it will contain an excess of calcium tartrate. This is
solid and will settle out on standing. The clear syrup
is then drawn off and bottled.
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5. Physical and Chemical Properties of Grape
Juice and Grape Syrup
The methods of determination were the same as those
described in the section on the apple juice and apple
syrup. The results as shown in Table IV indicate that
in order to obtain a successful syrup, the pH of the
Juice should not exceed 5.1; the total solids concentration
should be below 65 per cent; the amount of pectin present
should be as low as possible to prevent jelling, and the
juice should not be concentrated at high temperatures
so that the fruit flavor of the juice will remain in
the syrup.
30
H
+»
CO
O
o
o
03 -af p•
rH
«J
*> +» k
fi <o »
e-i < e«
o
© ft©
H on
a} 3-h
o o oH CO W3
hio
c©
hi
a
5
id
oHOO
c
o
o
c
CD
C
I*3
c
©
e
a
to
to
S3
w
to
0)
c
o
©
i-t
IS
•o
CVJ
to
r-t
to
w
o
to
0)
1
CM
H
io
o
to
©
I
o
©
CX I p.
© © 3
C4 ti a
I-l
o
c
«H
rH 4-> CMH
c © C ©© ft »
o | a! o +» e)H C « •ho©
3 O S« set.j 3 frt •-5 a, h
31
a. Desirable Degree of Concentration
The nroper degree of concentration for grape juice is
about 64 per cent total solids. If the juice is concentrated
above 65 uer cent part of the glucose will crystallize on
standing. If the juice is concentrated below 60 per cent,
the consistency is too thin. Grape syrup will not spoil
rapidly but mold growth may take place in time, unless the
concentrate is nasteurized. Quart jars of syrup were
pasteurized for 25 minutes at 155° F.
An interesting comparison of total solids and viscosity
was made between samples of grape juice concentrated in the
open kettle, in vacuum with Pectinol treatment, and in
vacuum without Pectinol treatment. (See Table - next page.)
6. Uses for Grape Syrup
Besides using grape syrup as a base for beverages it
is widely used in cooking for its flavor. Bioletti and
Cruess (3) state that the concentrate may be utilized in
making cakes, cookies, cornbread, gingerbread, pudding, and
pies. Excellent jams and jelliss can be made from the di-
luted grape syrup and good results are obtained when it is
substituted for cane syrup. In most cases where it may be
feasible to use grape syrups in canning the flavor of the
product is improved.
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Total Method
Soluble Viscosity of
Solids Concentration
per cent seconds
fiO-S 13.0 Open kettle
64.5 10.2 Vacuum plus
I ectinol
68.5 49.7 Vacuum minus
1 ectinol
Though the difference in total solids between samples
B and C is small, their consistency as determined by
viscosity, shows marked contrast due to the treatment of
ectinol in Sample B.
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G. Cranberry Syrup
The cranberries were harvested near V/areham, Uass-
achusetts and were shipped to the college where they were
held in cold Btorage. The Early Black variety was used in
thiB investigation.
1. Extraction of Juice
The juice was extracted by grinding the raw berries,
storing the ground pulp for twelve hours in the refrigerator,
and pressing the juice from the pulp by means of a hydraulic
press. The average yield was six and one half gallons of
juice from 100 pounds of fruit. Rice (26) found that the
color of the juice was improved by storing the ground fruit
in the refrigerator for a few hours before pressing. The
juice took on a darker, more brilliant red hue when treated
in this way.
A secona pressing was obtained from the dry pulp after
the addition of two quarts of water and allowing the mixture
to stand for ten hours. The juice which was recovered lacked
the "body" that was so outstanding in the first extraction.
3. Clarification
The juice was clarified by adding the calculated
amount of Pectinol. After standing for fourteen hours, the
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clear juice was siphoned off, diatomaceous earth was added
and the liquid was filtered through an Alsop filter.
3. Neutralization
The cranberry juice was neutralized with potassium
carbonate from the original pH 2.58 to pH 4.7. Addition
of an excess of the carbonate caused a blackening of the
cranberry pigment. Results of neutralization as shown
in Table V prove that pH 4.7 is the optimum point for
neutralization.
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Table V. Effect of Neutralization of Cranberry Juice With
Potassium Carbonate on the dolor of the Juice
Potassium
Juice Carbonate pH Color
c.c. c.c.
100 2 3.13 Red
100 4 3.87 !,ed
100 6 4.33 Hed
100 8 4.64 Red
100 10 4.88 I eep red
100 12 5.4 Black red
36
4. Concentration
The juice was concentrated by the vaouum pan method.
The total solids content of the juice was increased from
8 per cent by the addition of sugar, and the Juice was
concentrated in vacuo to 67. 2 per cent total solids.
The concentrate was distinctive in color, flavor, and
clearness.
5. Ruby Phosphate
Cranberry syrup, formerly known as "Ruby Phosphate 1*
was one of the earliest manufactured cranberry products.
It is no longer produced and the literature offers
scant information about its composition. An attempt
was made to reproduce the product as it appeared in
former years. The syrup was made by adding sugar to
the juice until a total solids concentration of 63 per
cent was obtained. One gallon of juice required eleven
pounds of sugar for the desired concentration, anu the
yield was one and three-fourths gallons.
The syrup was much milder anu lighter in color than
that which was concentrated in vacuo.
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6. Physical and Chemical Properties of Cranberry
Juice and Cranberry Syrup
The methods used were the same as those described
in the previous sections. The results are shown in
Table VI. It is reaaily apparent from the table that
in order to obtain a favorable syrup the pH of the juice
should not be above 4.7.
The "Ruby Phosphate* differs from the cranberry
syrup in that it has a pH of 2.58, and percentage pectin
.1736 compared to .0723. Though the amount of pectin
in the "Ruby ihos])hate H is not reduced, the possibility
of jelling is eliminated beoause the juice is not heated,
in the preparation of the syrup. The acidity of the juice
is "masked" by the large amount of sugar that is added.
The final syrup, therefore, retains its fruit flavor,
is only slightly astringent, and has a bright red color.
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a. Desirable Degree of Concentration
A favorable cranberry syrup should have a total
solids concentration of 67 to 68 per cent. Concentration
below 65 per cent results in a very liquid consistency.
"Ruby Phosphate" should have at least a 63 per
cent total solids concentrntion for a desirable syrup.
b. Discussion of Cranberry byrup
Cranberry Syrup and "Ruby Phosphate" are best used
as a base for carboneted beverages. The carbonated
cranberry drink shows a marked improvement over the
straight cranberry syrup-water combination.
The syrup might also be combined with other fruit
juices to produce a palatable beverage. The color of
the syrup aalces it ideal for a cocktail, cordial, and
as a blender for punches. The University of .isconein
Extension Service publication, "Cranberries in the Diet"
gives a number of uses for cranberry syrup as a blender (35).
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IV. DISCUSSION OF RESULTS
The qualities which are desirable for a successful
fruit syrup may be regarded as appearance, flavor,
consistency, and keeping quality.
The color of the syrup should be as close to the
natural juice as is possible. Apple syrup should tend
to have the color of maple syrup, a golden brown.
Flavor and aroma are also important in the saleabillty
of a fruit syrup. The delicacy of the flavoring esters
of fruit juices rankes it difficult to retain the natural
or fruity flavor of the juice in a concentrate. Unless
this prorerty is retained in the final syrup, the success
of the product cannot be ascertained.
Consistency must be considered if the product is to
be utilized as a table syrup. In this respect the syrup
should be similar to maple syrup.
The keeping quality of the product must not be
overlooked as a desirable property. The high total soluble
solids concentration will, in most cases, retard or prevent
growth of micro-organisms. However, syrups can be preserved
by heating at 155° F. for 20 to 25 minutes.
The difficulties encountered in the preparation of the
syrups have been, for the most part, the change in pigment
of the natural juice on neutralization. Also the loss of
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the natural fruit flavor is a factor that must be carefully
regarded.
An undesirable result in grape syrup manufacture is
that of crystallization. Care must be taken so that the
juice is not over-concentrated or the dextrose present
will crystallize out. Pasteurization of the concentrate
tenus to retard crystallization.
V. COST OF MANUFACTURE
A study of the manufacture of pure fruit and synthetic
fruit syrup has shown that the former is slightly ri.ore
expensive. It has been estimated that the cost of a gallon
of pure apple syrup is about $.85, while the synthetic
product is approximately §.50. However, this adued expense
is small compared with the increased consumer appeal of
the pure fruit juice. The true fruit flavor which is so
desirable in beverages, punches, and cordials, can only be
obtained by utilizing pure fruit syrups.
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VI. GLNEHaL summary
1. It wae found, that the "cull" fruit crop from apples,
grapes, &na crnnoerries coula be utilized for
manufacture of conoentrated juice and fruit syrup.
2. Fruit juices obtained from apples, grapes, and
cranberries were concentrated by means of heat at
atmospheric pressure, by freezing, and in vacuo.
3. Evaporation by the open kettle method resulted in
a product that had. a distinct "cooked" flavor and
a dark color which was very undesirable for a success-
ful syrup.
4. Concentration by freezing was the best method for
the preservation of color and flavor of the juice,
but did not yield as high a total solids concentration
as in vacuo.
5. The most practical method for concentrating juices
was by the use of the vacuum pan. The volatile
constituents present in fruit juices, that are lost
during concentration at high temperatures , are kept
at a minimum by this method.
6. The colloidal constituents of fruit juices that cause
cloudiness have been removed, by means of physical,
chemical, and enzymic reactions.
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7. The 1 ectinol-enzyrae process was most satisfactory
in removing the colloidal constituents. The enzyme
required 10 to 15 hours to complete the aisintegration
and precipitation of the colloidal aggregate.
8. The clarification of the Juice was aioed by the
addition of diatoraaoeous earth to the juice before
filtration.
9. In some cases the clarified juice was successfully
sterilized by means of a 3eitz - E.K. germ-proof
filter.
10. The presence of sediment in Seitz - filtered juices
after several months storage proved this method was
not entirely satisfactory, since not all of the
enzyme was inactivated or removed. Further enzyme
action was dispelled by heating the juice to 130° -
140° F.
11. The juice was neutralized with potassium and calcium
carbonate. In order to retain the natural fruit
oolor of the juices, the addition of an excess of
the carbonate must be avoided. The most favorable
pH for apple juice is 5.1; for grape juice pH 5.1;
for cranberry juice pH 4.7.
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12. Pectin must be preoipituted from the juice to avoid
jelling when the juice is concentrated approximately
above 65 per cent total solids.
13. The clarified juices, with most of the pectin removed,
and which had been partially neutralized with cnlcium
carbonate or potassium carbonate, were concentrated
under vscuum from 63 to 68 per cent soluble solids.
14. The proper uegree of concentration for apple syrup
was 68 per cent total soluble solids; for grape
syrup, 62 per cent; for cranberry syrup, 67 per cent;
and for "Ruby Phosphate" 63 per cent.
15. "Ruby Phosphate*, a cranberry syrup, wee one of the
earliest cranberry products to be produced. The
possibility of introducing it to the consumer has
been the basis for the experiment. The product was
neither neutralized, nor concentrated in the vacuum
pan. It was prepared by the addition of sugar to
the juice to the desired degree of total solids.
16. Fruit syrups may be used most beneficially as a base
for non-alcoholic beverages. Apple syrup may be
served as a substitute for maple syrup. Grape syrup
is used very satisfactorily in the making of jams,
jellies, in cooking, and in canning.
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VII. CONCLUSION
the utilization of cull fruit in the manufacture of
fruit syrups is very feasible. Using the Tectinol-
enzyme process, a sparkling, clear juice may be produced.
Careful neutralization of the clarified juice to its
favorable pH where it will retain its natural color,
will result, upon concentration in a vacuum pan, in a
syrup which is attractive, tasty, and of good consistency.
The cost of aanufacture of the pure product is slightly
greater than the synthetic.
46
VIII. BIBLIOGRAPHY
1. Arengo - Junes, R. 0. and Ferguson, f. f 1935. Manu-
facture of fermented cider for bottling purposes.
Nat'l Bottler 1 8 Gazette. 53, 51-58, 54-60.
2. Aseoc. Off. Agri. Chem. 1930. "Official and Tentative
Methods of Analysis.'* Washington, D. C. 212,
213.
3. Biolettl, F. T. and Cruess, If. V., 1920. Grape syrup.
Pure Products. 16, 136-146.
4. Caldwell, J. 3., 1922. Studies in clarification of
unfermented fruit Juices. U.8.D.A. Bull. 1025, 4.
5. Oaiuwell, J. 8., 1928. The chemical composition of
American grown French cider apples and other
apples of like character. J. Agri. Res. 36,
391-406.
6. Carnenter, D. G.
,
Pederson, 0. S. , and Walsh, JJ. F.
,
1932. Sterilization of fruit juices by filtration.
Ind. Eng. Che». 24, 1218.
7. Carnenter, D. C. and Sraith, K. C. , 1934. Appls juice
concentrate. Ind. Eng. Chem. 26, 449-455.
8. Carpenter, D. C. and Walsh, W. F. , 1932. Commercial
processing of apple juice. 14. Y. Agri. Expt.
Sta. Bull. 302.
9. Charley, V. L. 3., 1932. Preparation of juices, syrups,
concentrates, and wines from some English fruits.
Ann. kepi. Agri. and Hort. Res. Sta., Long Ash ion,
176.
10. Gumming, A. B. , 1935. Research outs the diatom to
work. The Power Specialist. 2. Nos. 3-4, 5-6.
11. Daughters, M. R. , 1927. Clarification and filtration
of fruit juices. U. S. Canning Age. 81, 503-507.
12. "Foreign trade in fruit juices increases" 1929.
Fruit rrod. J. 10, 139, 159.
47
13. Gore, H. C. , 1914. Apple syrup end concentrated
cider. U.S.D.a. Yearbook. 639, 227.
14. Gore, H. C. , 1915. Studies on fruit juices. U.S.D.A.
Bull. 241.
15. Gore, H. C. , 1922. The concentration of fresh cider
by refrigeration. Fruit Prod. J. 1, 16-18, 19.
16. Grove, 0., 1930. Apple juice concentrates. Ann.
Rept. Agr. and Hort. Res. Sta.
,
Long Ashton, 209.
17. Irish, J. H. , 1931. Fruit juice concentrates. Univ.
of Galif. Expt. Sta. Bull. 392, 10-13.
18. Kertesz, Z. I., 1930. A new method for enzyme clari-
fication of unfermented apple juice. N. Y. Agri.
Expt. Sta. Bull. 589.
19. Luhmann, E. , 1914. Clarification of beverages.
Pure Products. 10, 373-382.
20. Jackie, A* U. , 1931. High vacuum evaporation. Food
Ind. 3, 528.
21. Monti, E. , 1932. Concentration of fruit juices by
freezing. U. S. 1, 546, 669.
22. "Natural fruit syrups with fruit flavors." 1923.
Fruit rrou. J. 2, 18.
23. Oehme, Heinard, 1910. Process of concentrating fruit
juices. Pure Products. 6, 433.
24. Poore, H. D. , 1935. The production of apple juice,
concentrates, and syrups, ^ruit Prod. J. 14,
Nos. 6, 7. 170-177, 301-203.
25. Powers, F. B. and Chesnut, V. K. , 1920. The odorous
constituents of apples. J. Araer. Chem. Soo.
42, 1509.
26. Rice, C. C. , 1932. Preservation, utilization, and
properties of cranberry juice. Master's Thesis.
Massachusetts State College.
27. Rudiger, U. and Mayr, E. , 1928. Clarification. Zeit. f.
Angew. Chem. 41, 807.
48
38. Scott, G. One hundred years of chemical engineering.
Artillery House, Artillery Row, Lonaon, S. W. 1.
89. Seidel, J. F. , 1913. Concentration of fruit juices,
wines, etc. by freezing. Pure Products. 9,
294-297.
30. Todd (Pfaudler Co.) 1932. U. S. 1, 856-979.
31. viaksman, S. S. and Davison, W. C. , 1926. Enzymes —
roperties, distribution, methods, and application.
William and ftilkins Co., Baltimore.
32. Wallerstein, 1920. Beer and methods of preparing
same. U. 8. 995, 820.
33. narcollier, G. , 1912. Le cidre et sa fabrication
nationelle. Ann. Brasserie et Distill. Ann. 15,
237.
34. Hlllaman, J. J. and Kertesz, Z. I., 1931. The enzyme
clarification of grape juice. N. Y. Agri. Expt.
Sta. Tech. Bull. 178.
35. ..isconsin Univ. Ext. Service, 1938. Cranberries in
the Diet. Snecial Circular.
49
IX. ACKNo.<L:-:uai;ib.NT
I wish to express my appreciation to the
members of my thesis committee for the helpful advice
offered, during the preparation of this thesis.
I also wish to thank Dr. C. H. Fellers who
suggested this subject for study, and Professor W. W.
Chenoweth, for their aid in bringing about a success-
ful conclusion to the problem.
Approved by
Grartu«te Comlttoe


